Objective: The aim of the present study was to evaluate the response to treatment by histopathologic type in patients with lung cancer and under follow-up with 18 F-fluoro-2deoxy-glucose-positron emission tomography/computed tomography ( 18 F-FDG PET/CT) imaging by using Response Evaluation Criteria in Solid Tumors (RECIST) and European Organisation for Research and Treatment of Cancer (EORTC) criteria that evaluate morphologic and metabolic parameters. Methods: On two separate (pre-and post-treatment) 18 F-FDG PET/CT images, the longest dimension of primary tumor as well as of secondary lesions were measured and sum of these two measurements was recorded as the total dimension in 40 patients. PET parameters such as standardized uptake value (SUV max ), metabolic volume and total lesion glycolysis (TLG) were also recorded for these target lesions on two separate 18 F-FDG PET/CT images. The percent (%) change was calculated for all these parameters. Morphologic evaluation was based on RECIST 1.1 and the metabolic evaluation was based on EORTC. Results: When evaluated before and after treatment, in spite of the statistically significant change (p<0.05) in SUV max , the change was not significant in TLG, in the longest total size and in the longest size (p>0.05). In histopathologic typing, when we compare the post-treatment phase change with the treatment responses of RECIST 1.1 and EORTC criteria; for RECIST 1
Introduction
Lung cancer is the most common cancer in men and the fifth cancer in women, with 53300 new male cases per year (1) . The majority of lung cancer is non-small cell lung cancer (NSCLC) tumors which consist of subtypes such as adenocarcinoma, squamous cell carcinoma, large cell carcinoma and carcinoid tumor (2) . 18 F-fluoro-2-deoxy-glucose positron emission tomography/computed tomography ( 18 F-FDG PET/CT) is widely used throughout the world in lung cancer for primary diagnosis, staging, restaging, evaluation of treatment response and radiotherapy (RT) planning (3) . The maximum standardized uptake value (SUV max ) is widely recognized as an adequate imaging biomarker for the prognosis of lung cancer (4) . A SUV of >2.5 is considered as evidence of malignancy in solitary lung nodules. However, lesions smaller than twice the resolution of imaging systems usually yield underestimated SUV values (5) . Moreover, SUV may be lower than 2.5 in bronchoalveolar carcinoma involving no other histological component (6) . Parameters such as SUV max have been used for diagnosis and evaluation of treatment effectiveness in lung cancer. In addition, metabolic parameters such as metabolic tumor volume (MTV) and total lesion glycolysis (TLG) can also be estimated by 18 F-FDG PET/CT that have been considered as prognostic factors in patients with NSCLC, independent of tumor-node-metastasis stage (7) . MTV represents the three-dimensional total volume within the region of interest drawn around the lesion. The highest SUV (SUV max ) and the average SUV (SUV mean ) measured within this volume can be estimated. TLG value for the lesion, which is directly related to these two measurements, is calculated as follows: "TLG=MTVxSUV mean " (8) . The Response Evaluation Criteria in Solid Tumors (RECIST) criteria are being used for the morphologic evaluation of the response to treatment in lung cancer, while the metabolic response is being evaluated by the European Organization for Research and Treatment of Cancer (EORTC) criteria. 
Materials and Methods
A total of forty patients (38 males, two females, median age=63.3±6 years; range=46-73) who underwent PET/CT were included in the study. In the initial assessment, there was a mixed population in whom primary staging had been done and the treatment had been given. 18 F-FDG PET/CT was performed to assess treatment response following chemotherapy or chemoradiotherapy. PET imaging was performed using a combined PET/CT scanner (Discovery 600 PET/CT GE Medical Systems, USA). Each patient fasted for at least 6 h before imaging. After ensuring that blood glucose was <150 mg/dl, approximately 370 MBq 18 F-FDG were administered i.v. 1 h before image acquisition. Attenuation correction of PET images with the CT data was performed. The CT scan was performed first. Right after CT data acquisition, a standard PET imaging protocol was taken from the cranium to the mid-thigh with an acquisition time of 3 min/bed in 3-dimensional mode. CT and PET images were matched and fused into transaxial, coronal and sagittal images. The data were transferred via the Digital Imaging and Communications in Medicine protocol to a processing Workstation (AW Volumeshare 5 GE Medical Systems S.C.S, France). The visual and semiquantitative analyses were then performed. The longest dimension of the primary tumor on two separate 18 F-FDG PET/CT images were measured in the mediastinum window on CT. Moreover, "total size" was calculated by summing the longest dimensions of the two lesions with maximum size or of any five lesions in an organ (lung). For the lymph nodes, the short axis measurement was also included in this measurement. Two separate 18 F-FDG PET/CT images obtained in the pre-treatment and post-treatment periods were assessed and the SUV max , SUV mean and MTV of the target lesions were recorded. The percent change in the longest size of the primary tumor and total size as well as in SUV max , SUV mean and TLG was calculated for each patient in comparison to the pre-treatment values. Morphologic assessment was made according to RECIST 1.1 criteria by considering the percent change in the total longest dimension of the target lesions in the post-treatment period. Metabolic assessment was made according to EORTC criteria by calculating the percent change in SUV max of the primary tumor in the post-treatment period.
Statistical Analysis
Data were analyzed by using SPSS version 14.0 and expressed as mean±standard deviation. The pre-treatment and post-treatment dimensions measured on CT, and SUV max and TLG values on PET were compared by the paired T-test. Among the histopathologic diagnosis of the patients, the two major groups of patients with a diagnosis of squamous cell carcinoma (n=28/40) or adenocarcinoma (n=7/40) were compared in terms of SUV max values by using Kruskall Wallis analysis. Moreover, the percent change in post-treatment longest dimension, SUV max and TLG (increased or decreased) were compared by using chisquare (Fisher) test. Significance level was set at p<0.05.
Results
Of the forty patients included in the study, 2 were female (5.0%) and 38 were male (95.0%) with a mean age of 63.3±6 years (range, 46-73 years). In terms of histopathologic diagnosis, 28 patients had squamous cell lung carcinoma (70%), seven had adenocarcinoma (17.5%), four had small cell cancer (10%) and one had pleomorphic cell lung cancer (2.5%) ( Table 1) . Mean follow-up time was 23.1±12.6 weeks (range, 10-67 weeks). The treatment methods were separate RT+chemotherapy (CT) sessions in two patients, chemoradiotherapy in three patients and only CT in the remaining 35 patients. Nine patients had distant metastatic lesions in addition to the primary lesion and lymph node involvement, and the metastasis was measurable in seven of these patients. According to the histopathologic diagnosis, pre-treatment SUV max was 16.1±6.9 (n=28) vs. 20.4±14.1 (n=7) in patients with squamous cell carcinoma and adenocarcinoma, respectively (p>0.05). Post-treatment change in SUV max was found to be statistically significant in patients with squamous cell carcinoma. However, there was no statistical difference in the FDG uptake change for patients with lymph node involvement or metastatic Table 2 . In our study, PET/CT and CT data of four patients diagnosed with small cell lung cancer before and after treatment were compared and the following conclusion was reached: Although the average SUV max decreased, two patients showed metastatic progression and upstaging. And one patient with the diagnosis of stage 4 pleomorphic Ca according to pre-treatment PET/ CT, showed an increase in size and TLG at post-treatment PET/CT.
Discussion
18 F-FDG PET/CT is used for the diagnosis and staging of lung cancer as well as for the assessment of response to treatment. In the present study, we investigated the association between the morphologic features (dimension) and metabolic criteria for assessment of response to treatment (SUV and TLG). One of the first studies by Kubota et al. (9) assessing the metabolic and morphologic comparison of response to treatment in patients with lung cancer was carried out with radiopharmaceutical 11C L-methionine, which is a marker for protein synthesis and cell proliferation. Change in dimension has been assessed by CT and the change in nodal uptake has been measured by PET not using a hybrid device. The outcome has been divided into 3 groups of early progression, late local recurrence and no local recurrence. Methionine uptake was decreased by 72% and 65% in the groups of late local recurrence and no local recurrence at PET imaging obtained 2 weeks after RT, while it was found to decrease by 22% in the group of early progression. The authors have concluded that PET imaging was more beneficial in predicting local recurrence and progression as compared to CT imaging. Kubota et al. (9) have carried out PET and CT imaging methods on separate devices. In contrast to these studies, we used an integrated PET/CT device. Although there was no significant change in the longest dimension of the primary tumor and in total target dimension and TLG of the primary tumor, the SUV max showed a statistically significant change after the treatment in patients with squamous cell carcinoma as well as in the whole group. Another study by Patz et al. (10) assessing the response to treatment only with PET imaging included 113 patients treated with chemotherapy, RT, surgery or a combination of these modalities. The authors have evaluated the examinations performed within an average of 8 months after the treatment, and have found that the PET imaging was negative in 13 vs.100 positive patients. In our study, two of the forty patients died in the last evaluation time. For this reason, in the present study, we did not perform a survival analysis. Another study has evaluated the patients treated with only chemotherapy and has aimed to predict the final outcome on PET imaging obtained after the first course of chemotherapy. In that study carried out on seven patients by Weber et al. (11), median survival time was 151 days in patients with more than 20% decrease in FDG SUV vs. 54 days in those without. The authors have also suggested a close relationship between assessment criteria for response to treatment and metabolic response in solid tumors. Cerfolio et al. (12) have evaluated 56 patients with NSCLC by 18 F-FDG-PET within 1 month after neoadjuvant chemotherapy or combined RT before surgery. The authors have found a correlation between the change in SUV max and percent rate of non-living cell number (%) during the resection. It was reported that the overall pathological response could be predicted with 96% accuracy when an 80% decrease in SUV max was considered as the threshold value. Pöttgen et al. (13), on the other hand, have performed resection to patients in whom PET images were obtained about 63 days after 3 courses of induction chemotherapy and 84 days after combined RT. There was an average of 67% decrease in SUV max in patients treated with induction chemotherapy, with no or less than 10% living cancer cells in the resection. Moreover, patients having more than 10% living cancer cells had a mean decrease of 34% in SUV max .
In the present study, in the post-treatment evaluations, 22 patients had an average decrease of 25.4±15.8 mm in the longest dimension of the primary tumor while the remaining eighteen patients had an average increase of 30.6±28.6 mm in the longest dimension of the primary tumor. When the target lesions were also included in these measurements according to the RECIST 1.1 criteria, 22 patients had an average decrease of 24.8±16.1 mm and eighteen patients had an average increase of 39.2±44 mm. According to the RECIST 1.1 criteria, when the new lesion formation and the increase in unmeasurable lesions were also included in these measurements, eight patients had partial response, 22 had progressive disease and 10 had a stable disease. In the evaluations by using the SUV max values based on EORTC criteria, SUV max decreased by 38.9±25.6% in twenty-seven patients. In the remaining thirteen patients, there was an increase by 23±17.8%. Overall, sixteen patients had partial response, 19 had a stable disease and 5 had a progressive disease. Use of the changes in posttreatment longest dimension and SUV max for the evaluation of response to treatment yields different results. In the present study, patients were evaluated according to the metabolic and morphologic features separately and the response to treatment differed with the use of RECIST 1.1 and EORTC criteria. With today's technology, there is no gold standard diagnostic method to be used to determine which one is more accurate in evaluating the response to treatment. It is also not possible to evaluate all suspicious lesions with histopathologic methods. Therefore, response to treatment should be evaluated by comparisons with survival curves. However, FDG uptake is associated with living cancer cells and SUV increases with the increasing FDG uptake. Therefore, FDG uptake may be useful in the differentiation of tumor tissue, fibrosis and necrosis for which anatomical boundaries are not always distinguishable. Ordu et al. (14) reported in their study that, in advanced NSCLC patients, in evaluation of response to chemotheraphy and in determination of overall survival, the metabolic response with PERCIST may be an early predictive factor in comparison with morphologic response. Our study showed that although there was no significant change in the longest total dimension, the change in post-treatment SUV max was significant whether only the longest dimension of the primary tumor or of target lesions were taken into account. There were seven patients who met the criteria of longest total dimension for the evaluation of metastatic disease (n=7/9). The longest total dimension in metastatic disease did not differ significantly between pre-and posttreatment periods. However, average SUV max in metastatic lesions and nodal involvement differed significantly between pre-and post-treatment periods. As in the primary tumor, the response of metastatic lesions was also different between pre-and post-treatment periods in terms of dimension (morphologic feature) and SUV max (metabolic feature). Overall, dimension criteria tended to be negative for the patient (unresponsiveness to treatment). Treatment response criteria should be standardized in a way that can be easily used in clinical practice for the patient examination reports. However, response criteria usually are not specified in the imaging methods for cancer patients (both in CT and PET/CT). This may result in difficulty for daily clinical practice. Moreover, although lymph nodes are included in RECIST 1.1, it is not always possible to determine the posttreatment changes in lymph nodes that are close to each other (and in conglomerated nodes). After the treatment period, a lymph node may have a decrease in size while the size of the next lymph node might have been increased. Because these nodes do not have clear borders, it is quite difficult to evaluate the treatment response in lymph nodes. In addition, RECIST 1.1 basically considers the tumor and the lymph node size. However, recent targeted anticancer drugs inhibit the growth of cells without killing the tumor cells. Thus, responders may display morphologic changes such as necrosis, cavitation, and hemorrhage in tumor without change in size (15) . In this context, a more practical and easily used method, the metabolic criteria can be preferred.
Conclusion
In this study on lung cancer patients, there was no significant difference between squamous cell and adenocancer group in terms of primary tumor SUV max rates. There was no significant difference between pre-and post-treatment measurements in the longest dimension of primary tumor and in the total longest dimension selected as a target lesion. There was a significant SUV max change after the treatment as compared to that of prior to the treatment. In the determination of treatment response, it is not known exactly yet whether metabolic or morphologic changes as evaluated by RECIST 1.1 and EORTC is more accurate in determining treatment response is yet unknown. Unfortunately, we could not comment on this issue because we had a limited number of patients and follow-up period. At the same time, we think that SUV rates can be preferred for treatment response evaluation due to its easier applicability in clinical practice.
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